Hemagglutinating activity for glutaraldehyde-fixed, trypsinized human and rabbit erythrocytes was obtained from carp (Ciprinus capio) egg extract. This activity was inhibited by sulfated glycans such as heparin and fucoidan, and salmon testis DNA (stDNA), but not by mono-and oligosaccharides. The active fraction from hydroxyapatite column, HA400, caused aggregation of stDNA at a concentration of 125 m mg/ml. HA400-induced aggregation was inhibited by heparin and fucoidan at the concentrations of 25 and 50 m mg/ml, respectively. HA400 also bound to short size single-or double-stranded oligonucleotide in dot blot hybridization analysis using 32 P-labeled probe. HA400 was further purified by heparin-Sepharose column chromatography, and consequently, active fractions (HS2, HS3 and HS4) were obtained. Hemagglutinating activities of HS2 and HS4 were 16 and 32 times higher than that of HS3, respectively. In contrast, HS3 showed the highest DNA aggregating activity among these fractions, indicating that the activities of DNA aggregation and hemagglutination were separated by heparin-Sepharose column chromatography. HS3-induced stDNA aggregation was inhibited by 0.5 M NaCl or above. Southwestern blot analysis revealed that the DNA aggregating protein (DAP) possessing oligonucleotidebinding capacity was the 18 kDa protein. The N-terminal amino acid sequence of DAP was LKEGE-CEVCVGFLGR having partial homology with DNA-binding protein HU-a a, but showed no homology with nucleohistone proteins. These results indicate that there is a novel, non-histone DAP in carp eggs.
It is known that rhamnose-binding lectins (RBLs) are widely distributed in fish eggs, and share the feature of conserved motif and domain structure. [1] [2] [3] [4] We have purified several RBLs using sequential chromatographies of DEAE ionexchange and D-galactose affinity columns. [5] [6] [7] Most RBLs, which were prepared from the adsorbed fraction (GSA) on a D-galactose-Sepharose column, have hemagglutinating activity for intact rabbit erythrocytes and human type B erythrocytes. [5] [6] [7] [8] In the screening of the hemagglutinating activity of fractions obtained from each purification step of carp (Cyprinus capio) egg RBL, 9) distinct hemagglutinating activities were detected in not only the passed through fraction (GSNA) but also GSA on D-galactose-Sepharose. GSA contained RBL similarly to that from Silurus asotus 5) and Osmerus lanceolatus, 6) and showed hemagglutinating activity for intact human type B erythrocytes. On the other hand, GSNA showed activity for glutaraldehyde-fixed, trypsinized erythrocytes (GFTE).
Folding or bending of DNA is a very crucial and essential biological event for the existence of cells. In eukaryotic cells, nucleohistone 10) and some types of scaffold proteins 11) take part in this event, while HU proteins are also involved in bacteria.
12) DNA-binding proteins are known to be relevant to the characteristic architecture of kinetoplast DNA, that is composed of a tightly packed minicircle DNA network. 13) Changing or keeping the topology of DNA is involved in the physiological functions of replication, repair, and packaging. In particular, an ATP-dependent DNA aggregating protein was isolated from rat liver, and identified to be serum albumin. 14) Since GSNA from C. capio eggs aggregates DNA, we report here about the DNA aggregating protein (DAP) in a sequence-independent manner.
MATERIALS AND METHODS

Materials
Three years old carp in berry was purchased from an aquaculturist in Miyagi prefecture. Fucoidan (from Fucus vesiculosus), salmon testis DNA (stDNA), and trypsin were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). T 4 nucleotide kinase was purchased from New England Biolabs (Beverly, MA, U.S.A.). Heparine-Sepharose was purchased from Amersham Pharmacia Biotech (Piscataway, NJ, U.S.A). DNase II was purchased from Seravac U.S.A. Inc. (San Diego, LA, U.S.A.). Hydroxyapatite was purchased from Seikagaku Kogyo (Tokyo, Japan). Block Ace TM was purchased from Dainippon Seiyaku (Osaka, Japan).
Preparation of DAP Sequential column chromatographies on DEAE-Toyopearl and D-galactose-Sepharose were performed as described previously. 9) Saline extracted fraction (1 g) from carp eggs was loaded onto a DEAE-Toyopearl column (2.2ϫ40 cm) equilibrated with 10 mM phosphate buffer (PB, pH 6.8), and eluted with a stepwise gradient of PB from 10 to 400 mM. The flow through fraction (10 mM PB) was designated D10. D10 (1 g) was applied to a D-galactoseSepharose column (2.2ϫ20 cm) equilibrated with PB containing 0.15 M NaCl. GSNA obtained from D-galactoseSepharose (1 g) was applied to a hydroxyapatite column equilibrated with 10 mM PB, and eluted with a stepwise gradient of PB from 10 to 400 mM (HA10-HA400) (see Fig.  1A ). HA400 was further purified by affinity chromatography on a heparin-Sepharose column equilibrated with 50 mM acetate buffer (pH 6.0). After washing with starting buffer, elution was performed with a linear gradient of NaCl from 0 to 500 mM. A flow-through fraction (HSNA) and 4 fractions eluted between 180-250 mM (HS1), 260-300 mM (HS2), 330-400 mM (HS3), and 440-480 mM (HS4) of NaCl were collected (see Fig. 1B ). All fractions obtained from each purification step were dialyzed thoroughly against distilled water, and then lyophilized.
Hemagglutination and Inhibition Assay GFTEs were prepared according to the method of Nowak et al. 15 16) Serial two-fold dilutions of samples (25 ml each) in PBS were mixed with the same volume of 3% (v/v) suspension of erythrocytes (intact erythrocytes and GFTEs) in the same buffer using a V-bottomed microtiter plate. After 10 min agitation, the plate was left at room temperature for 30 min, and then the extent of agglutination was assessed visually. The hemagglutinating activity was expressed as hemagglutination units (HUs), the minimum amount of protein required for positive agglutination (mg/ml). The hemagglutination inhibition assay was performed by incubating 8 HU of hemagglutinin (10 ml) and various concentrations of saccharides and glycosaminoglycans in PBS (15 ml) with 3% (v/v) suspension of human type B GFTE.
DNA Aggregation and Inhibition Assay
The DNA aggregation assay was performed as follows. Sample solution (5 ml), stDNA solution (500 mg/ml H 2 O, 1 ml) and 0.1 M acetate buffer (pH 5.2, 1 ml) were mixed, and brought to a final volume of 10 ml (final concentration, 10 mM acetate buffer solution). The mixture was incubated at 37°C for 10 min, cooled on ice, and then electrophoresed with 6ϫ gel loading dye at room temperature in an agarose gel (0.6%) containing ethidium bromide (0.1 mg/ml). DNA mobility was visualized using a transilluminator at 340 nm. In the inhibition assay, HA400 (500 mg/ml) and various concentrations of heparin or fucoidan (2 ml) were incubated at 37°C for 10 min before the aggregation reaction in the same manner as described above. The DNA digestion reaction was performed by an additional 30 min incubation at 37°C with DNase II (100 mg/ml) in the presence or absence of heparin and fucoidan (200 mg/ml). Spectrophotometric measurement of soluble DNA was performed using a GeneQuant apparatus (Amersham Pharmacia Biotech). In this experiment, the total reaction volume was scaled up to 50 ml. After incubation, the mixture was centrifuged at 15000 rpm for 15 min, and the supernatant was collected and diluted 10 times with H 2 O, and then the absorbance measured at 260 nm. To determine the influence of ionic strength, NaCl was added to this system in the range of concentration from 0.015 to 2 M.
SDS-PAGE and Protein Assay Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was performed on 12.5% slab gels according to the method of Laemmli. 17) Proteins on SDS-PAGE were visualized with Coomassie Brilliant Blue. Protein concentration was determined by the method of Lowry et al. 18) using bovine serum albumin as a standard. Dot Hybridization and Southwestern Blot Analysis Dot hybridization and Southwestern analysis were performed according to the method of Wang et al. 19) A random base oligonucleotide synthesized commercially (28 mer, 5Ј-CGGGGATCCATGTGTGCAAAATCTCTTC-3Ј, 100 pmol) was labeled using T 4 polynucleotide kinase (20 U) with [g-32 P]ATP. To obtain a double-stranded probe, a half volume of reaction mixture was separated, and 50 pmol of the antisense oligonucleotide noted above was added. The mixture was denatured at 94°C for 1 min and annealed at 37°C for 5 min. The resulting mixture was purified by ProbeQant G-50 (Amersham Pharmacia Biotech) according to the manufacturer's instruction. In dot hybridization analysis, HA400 (1 mg/ml, 5 ml) was spotted onto the nitrocellulose membrane (BioRad) using a BIO-DOT apparatus (BioRad), and allowed to react for 5 min. After evacuation of the solution, serial dilutions of inhibitors (1000-2.5 mg/ml, 5 ml) were added to the well followed by incubation at room temperature for 10 min. In Southwestern blotting, HS3 (10 mg) was separated on SDS-PAGE, and transferred to the nitrocellulose membrane at 20 V overnight. The membrane was soaked in renaturing buffer (20 mM Tris-HCl, pH 7.2, containing 20 mM NaCl, 1 mM EDTA, 10% glycerol, 0.2 mM DTT, and 0.1% NP-40) at 4°C for 10 min, and blocked with renaturing buffer containing 4% Block Ace TM at 4°C for 1 h. Then 50 ml of 32 P-labeled oligonucleotide solution (ca. 10 5 cpm) was added to the blocking solution and probed for 1 h at room temperature. The membrane was washed 3 times with renaturing buffer and exposed to an imaging plate attached to the bio-imaging analyzer BAS-5000 (Fujifilm, Tokyo, Japan) at room temperature for 24 h. Data collection and processing were performed using a BAS-5000 apparatus equipped with Image Reader and Image Gauge software.
N-Terminal Sequence of DAP The N-terminal amino acid sequence of DAP was analyzed by automated Edman degradation. The blotted membrane of the target protein band was cut out and sequenced by a gas-phase protein sequencer (Applied Biosystems, 494HT). Figure 1 shows the elution pattern of GSNA on hydroxyapatite column chromatography. The hemagglutinating activity for GFTEs bound tightly to hydroxyapatite resin was eluted with 400 mM PB (HA400) ( Table 1 ). HA400 was further purified by heparin-Sepharose column chromatography. Hemagglutinating and DNA aggregating activities were obtained in adsorbed fractions eluted with a linear gradient of NaCl (Fig. 1B, Table 2 ). Among these fractions, HS2 and 4 showed high hemagglutinating activity, while DNA aggregating activity was eluted in HS3 ( Table 2 , Fig. 2C ).
RESULTS
Purification of DAP
Hemagglutination and Inhibition Assay HA400 agglutinated GFTEs 10-20 times stronger than GSNA, but did not react with intact erythrocytes (Table 1) . The hemagglutinating activity for rabbit GFTE was 4 times stronger than that for human GFTEs. Although HSNA and HS1 showed no activity for human type B GFTE, HS2 and HS4 showed 14-28 times higher activity than HA400 (Table 2 ). HS3 had activity nearly equal to that of HA400. HA400-induced hemagglutination was inhibited by fucoidan (0.002 mg/ml), heparin (0.39 mg/ml), heparan sulfate (1.56 mg/ml), chondroitin sulfate A and C (0.78 and 0.39 mg/ml, respectively), dermatan sulfate (3.12 mg/ml), keratan polysulfate (1.56 mg/ml), and stDNA (12.5 mg/ml), but not by keratan sulfate, hyaluronic acid, chondroitin, and mono-and oligosaccharides. Desulfation of heparin and heparan sulfate diminished their inhibiting activity (Table 3) .
DNA Aggregation and Inhibition DNA aggregation was visualized by agarose gel electrophoresis. As shown in Fig. 2 , aggregated DNA did not migrate from a sample well of the gel. stDNA was aggregated by HA400 at the concentration of 125 mg/ml during 10 min-incubation (Fig. 2) . A similar result was observed equally for plasmid DNA (pBR322, data not shown). HA400-induced aggregation was inhibited by heparin and fucoidan at the concentrations of 25 and 50 mg/ml, respectively (Figs. 3A, B) . On the contrary, histone H1 (500 mg/ml)-induced DNA aggregation was inhibited by heparin (200 mg/ml), but not by the same concentration of fucoidan (data not shown). To determine whether HA400 binds to not only high molecular weight DNA but also low molecular weight random sequence oligonucleotides, we synthesized 32 P-labeled single-(ss) and doublestranded (ds) oligonucleotide probes, and performed dot blot hybridization analysis. Both probes bound to immobilized HA400 on the nitrocellulose membrane. Although the binding of ss-probe to HA400 was inhibited by 10 mg/ml of he- 
Fig. 1. Elution Profiles of Hydroxyapatite and Heparin-Sepharose Column Chromatography
Passed-through fraction from D-galactose-Sepharose was applied to a hydroxyapatite column (1.1ϫ20 cm), and eluted with stepwise increases in the concentration of PB (pH 6.8) indicated by arrows. The fraction containing hemagglutination activity, HA400, is indicated by the bar (A). HA400 was applied to a column of heparinSepharose (0.5ϫ6 cm) equilibrated with 50 mM acetate buffer (pH 6.0), and eluted with a linear gradient of NaCl. Fractions are indicated by the arrowed lines (B). Fig. 2 . DNA Aggregating Activity of HA400 and HS-Fractions stDNA (50 mg/ml) and various concentrations of HA400 were incubated at 37°C forparin or fucoidan, ds-probe binding was inhibited by 20 mg/ml of their inhibitors (Figs. 3C, D) . Therefore, the binding capacity of ds-probe was slightly higher than that of ss-probe. Heparan sulfate, chondroitin sulfate A, and dermatan sulfate showed no inhibiting activity even at 1 mg/ml, in contrast with the case of hemagglutination inhibition assay (Table 3, Figs. 3C, D) . DNase II-induced degradation of stDNA was protected by the addition of HA400, but this protective effect was abolished by pretreatment with heparin and fucoidan (Fig. 4) .
Molecular Determination of DAP Southwestern blot analysis after SDS-PAGE revealed that the protein possessing oligonucleotide-binding capacity is the 18 kDa protein, assuming DAP, whereas some minor bands appeared in the Coomassie staining (Fig. 5) .
The N-terminal 15 amino acid sequence of DAP was determined to be LKEGECEVCVGFLGR. According to a homology search, DNA-binding protein HU-a (from Haemophilus influenzae, NP_438591) 20) and an arginine-rich protein precursor (from human, P55415) 21 Figs. 6A and B, both HS3 and histone H1 aggregated stDNA at the concentrations of 125 mg/ml and 12.5 mg/ml, respectively, using the agarose gel electrophoresis method. On the other hand, spectrophotometric analysis was performed to evaluate and to compare DNA aggregating activity of HS3 and histone H1. Dose-dependent curves were drawn based on the data of optical density (OD) of buffer-extractable, i.e. non-aggregated DNA (Fig. 6C) . Concentrations of HS3 and histone H1 causing a 50% decrease in OD values were 125 mg/ml and 40 mg/ml, respectively. The increases in OD values observed in the treatment of HS3 or histone H1 at a high concentration may be due to the absorbance of each protein. Although HS3-induced stDNA aggregation was observed in the presence of NaCl in 16 Vol. 28, No. 1 stDNA (50 mg/ml) and HA400 (500 mg/ml) were incubated with various concentrations of heparin (A) and fucoidan (B), and then electrophoresed on agarose gel (0.6%). Dot blot hybridization profiles between HA400 and single-stranded (C) and doublestranded (D) oligonucleotide probes are shown. HA400 (1 mg/ml, 5 mg) was spotted onto a nitrocellulose membrane, and reacted with a 32 P-labelled oligonucletide probe in the presence of various concentrations of the inhibitors indicated. Fig. 4 . Enzymatic Digestion Profile of Aggregated DNA After incubation of stDNA (50 mg/ml) with HA400 (500 mg/ml), aggregated DNA was digested with DNase II (100 mg/ml) in the presence or absence of heparin and fucoidan (200 mg/ml) at 37°C for 30 min. the range of concentration from 0.015 to 0.25 M, the addition of NaCl of 0.5 M or above inhibited this aggregation (Fig.  6D) .
DISCUSSION
The present results indicate that there is DNA aggregating protein (DAP) in carp eggs. The first aim of this study was to search for a different kind of lectin activity from RBL. Since RBL was eluted in an adsorbed fraction from a D-galactoseSepharose column, DNA aggregating activity was investigated using a non-adsorbed fraction (GSNA). GSNA agglutinated human and rabbit GFTEs but not intact erythrocytes (Table 1 ). This activity was tightly adsorbed on hydroxyapatite resin and eluted with 400 mM PB (Fig. 1) . HA400 showed non-specific hemagglutinating activity for human GFTEs and was more effective for rabbit erythrocytes (Table  1) . HA400-induced hemagglutination of human type B GFTE was inhibited by sulfated glycans such as heparin and fucoidan, but not by nonsulfated or desulfated glycans (Table  3) . Fucoidan is mainly composed of sulfated fucose polysaccharides extracted from brown algae. 22) Fucoidan is known to have several biological activities as an anticoagulant, 23) antithrombotic, 24) anti-inflammatory, 25) antitumoral, 26) and antiviral agent. 27) Commercially supplied mono-and oligosaccharides were not inhibitable (Table 3 ). These results suggest that sulfate residues may contribute to the hemagglutination activity of HA400. On the other hand, DNA also showed inhibitory activity at a high concentration ( Table 3 ), indicating that HA400 has an affinity for DNA.
We then ascertained whether HA400 affects the mobility of DNA on agarose gel electorophoresis. HA400 could aggregate stDNA within a 10 min-incubation, and the aggregated stDNA did not migrate from the sample wells of the agarose gel, indicating that HA400 formed a large clot of DNA complex (Fig. 2) . The resulting clot was insoluble in the reaction buffer, because the decrease of OD at 260 nm of the supernatant obtained from the reaction mixture was observed in the dose-dependent manner of HA400 (data not shown).
HA400-induced stDNA aggregation was inhibited by heparin and fucoidan (Figs. 3A, B) . Although the inhibitory activity of fucoidan in hemagglutination was significantly higher than that of heparin, lower activity was observed in stDNA aggregation compared with heparin (Table 3, Figs.  3A, B) . This is likely caused by the composition of HA400 that includes some components, HS-fractions described above, possessing different activity for hemagglutination and stDNA aggregation.
The DNA aggregated by HA400 became resistant to digestion with DNase II. On the other hand, DNA was degraded in the presence of heparin or fucoidan by inhibiting HA400-induced aggregation (Fig. 4) , suggesting that the HA400-DNA complex is highly stable. Since HA400 had an affinity for heparin, further purification was done using heparin-Sepharose. The hemagglutination activities of HS2 and HS4 were 16 and 32 times higher than that of HS3, respectively. In contrast, HS3 showed the highest DNA aggregating activity among these fractions, indicating that the DNA aggregation and hemagglutination activities could be separated by heparinSepharose column chromatography. Since fucoidan was the most effective inhibitor in the hemagglutination assay, but heparin was more effective than fucoidan in the stDNA aggregation assay as mentioned above, sulfated fucosyl residues might contribute to the hemagglutination activities of HS2 and HS4. The DNA aggregation inhibition profiles of sulfated glycans were similar between the stDNA aggregation assay and oligonucleotide binding assay. Heparin and fucoidan inhibited HA400-induced stDNA aggregation at concentrations of 25 mg/ml and 50 mg/ml, respectively (Figs. 3A,  B) . In addition, ss-and ds-probe binding to HA400 were inhibited by 10 and 20 mg/ml of these inhibitors (heparin and fucoidan), respectively (Figs. 3C, D) . These results suggest that the binding of HA400 and DNA is not influenced by the molecular mass of a nucleotide.
HS3 contained a main band (18 kDa) and some minor bands (Fig. 5, lane 2) . However, only the 18 kDa band was detected on the autoradiography film by probing with a 32 Plabeled random sequence oligonucleotide (Fig. 5, lane 3) . Therefore, DAP is considered to be the 18 kDa protein. The N-terminal 15 amino acid sequence of DAP was analyzed to be LKEGECEVCVGFLGR. A partially matching sequence was obtained by searching the NCBI database and aligned. HU-a protein is a family of DNA-binding proteins associated with bacterial nucleoids. These proteins are involved in the wrapping of DNA into bead-like structures and in processes such as replication, transcription, and transportation. 20) The LKEGE/D sequence tends to be common in this family.
DNA-aggregating protein, DAP described here, did not bind to DEAE resin, but bound to heparin-immobilized resin (Fig. 1B) , indicating that it behaves as a basic protein as well as histone. Since histone does not bind to hydroxyapatite, it can be separated from non-histone proteins and DNA by using this column. 28) Since DAP bound tightly to hydroxyapatite (Fig. 1A) , it is not a family of histone proteins. It is well-known that histone-DNA complex dissociates in NaCl solutions above 0.6 M. 29) On the other hand, HS3-induced stDNA aggregation was inhibited by the addition of NaCl at 0.5 M or above (Fig. 6D) . Therefore, the binding capacity of HS3 against DNA is less than that of histone. Although DAP-induced DNA aggregation was inhibited by heparin and fucoidan (Figs. 3A, B) , histone H1-induced aggregation was inhibited by heparin but not by fucoidan (data not shown). In addition, DAP could bind to not only stDNA, a large genomic DNA, but also pBR322 or synthetic oligonucleotide. These results, therefore, indicate that DAP from carp eggs is a non-histone protein possessing sequence-independent DNA aggregating activity. Although the biological functions of this protein are still unclear, there is a hypothesis that DAP may contribute to DNA folding and conservation. This study on DAP may stimulate further investigation into the prevention of DNA denaturation to protect a number of cells.
